investigate efficacy of direct intrahepatic portocaval shunt (DIPS) combined with inferior vena cava (IVC) stenting for sinusoidal obstruction syndrome (SOS) associated with hepatotoxicity of pyrrolizidine alkaloids. Indications for treatment were variceal hemorrhage and/or refractory ascites. Patients were treated with DIPS plus IVC stenting (group A, n=68) or DIPS alone (group B, n=21). A technical success rate of 100% was obtained in all 89 patients, and there were no early procedure-related adverse events or 30-day mortality. Mean portosystemic gradient decreased in both groups. Changes in aspartate and alanine aminotransferases and total bilirubin did not differ between the groups. Ascites disappeared in group A but was not obvious in group B until IVC stenting. During follow-up, recurrent bleeding and ascites and incidence of hepatic encephalopathy did not differ between the groups. The 1-, 3-, and 5-year survival rate was 98, 89.59, and 80%, respectively. Satisfactory clinical results were obtained for combined DIPS and IVC stenting for SOS associated with pyrrolizidine-alkaloid-related decompensated cirrhosis.
Introduction
Sinusoidal obstruction syndrome (SOS) is a rare vascular disease of the liver, which can lead to lethal liver failure and portal-hypertension-related complications [1] . The clinical syndrome is characterized [2] by hepatomegaly, ascites, weight gain, increased aminotransferase levels, and jaundice due to sinusoidal congestion, which can be caused by alkaloid ingestion [3] , hematopoietic stem cell transplantation (HSCT) [4] , bone marrow transplantation, and radiationinduced liver disease or chemotherapy, and it is also seen after solid organ transplantation [5] . The most common cause of SOS in China is herbal medicines containing pyrrolizidine alkaloids, mostly Tusanqi (Gynura segetum) [6] .
Transjugular intrahepatic portosystemic shunt (TIPS) was introduced as an alternative treatment for complications of portal hypertension [7] . TIPS has been progressively recognized as an effective therapeutic option in a growing number of clinical situations. Several case reports show the beneficial effects of TIPS in SOS [8] . It improved ascites and lowered the levels of aspartate aminotransferase (AST) and alanine aminotransferase (ALT), but not serum total bilirubin (TB) levels. Most of the patients died despite the creation of TIPS [9] . Although TIPS in SOS does reduce ascites, there is no survival benefit; therefore, SOS is not considered an appropriate indication for TIPS [10] .
Direct intrahepatic portocaval shunt (DIPS) involves creation of a side-to-side shunt between the portal vein and inferior vena cava (IVC) via the caudate lobe of the liver [11] . A major advantage of DIPS is that it does not involve the hepatic vein; thus, it is especially useful in hepatic vein obstruction. However, patients who have SOS with hepatomegaly, or narrowed or obstructed IVC, may have undergone IVC stenting to recanalize the IVC blood flow. In this study, we retrospectively evaluated 89 patients with SOS associated with hepatotoxicity of pyrrolizidinealkaloid-related decompensated cirrhosis who underwent IVC stenting combined with DIPS between January 2004 and January 2012. Levels of AST, ALT, and TB, clinical outcomes, hepatic encephalopathy (HE), and mortality were compared between patients treated with combined DIPS and IVC stenting or DIPS alone.
Materials and Methods

Patient Information.
Between January 2004 and January 2012, there were 127 patients with suspected SOS, and 38 patients were excluded due to lack of confirmation of SOS. We retrospectively identified 89 consecutive patients with proven SOS associated with hepatotoxicity of pyrrolizidine-alkaloidrelated decompensated cirrhosis. Indications for stent graft shunt were variceal hemorrhage (n=35), refractory ascites (n=79), and both (n=27). The patients were divided into group A (DIPS plus IVC stenting, n=68) and group B (DIPS alone, n=21). We compared the clinical efficacy of the two treatment methods. The Ethics Committee approved the study protocol and all of the patients provided written informed consent. All procedures were conducted according to the guidelines approved by the Ethics Committee. We reviewed the patients' medical records and medical images to gather information regarding the underlying etiology, clinical presentation, age, sex, and severity of cirrhosis (Table 1) .
Diagnosis of SOS.
All cases had clear botanical hepatotoxicity caused by pyrrolizidine alkaloids, such as Gynura segetum, mushroom tea, and traditional remedies. Color Doppler ultrasound (US) was used for first-line diagnosis of SOS, and enhanced computed tomography (CT) and/or magnetic resonance imaging (MRI) were performed in all patients to confirm the US findings. SOS was diagnosed clinically referring to the Seattle or Baltimore criteria [12] , the occurrence of two or more of the following events before day 21 after hemopoietic progenitor cell administration: hyperbilirubinemia (>34.2 mol/L or >2 mg/dL), ascites or sudden weight gain (>5% of baseline body weight), and painful hepatomegaly. No other explanation for these signs and symptoms (septicemia, cyclosporin toxicity, heart failure, hepatitis, etc.) could be present at the time of diagnosis.
Three cases underwent transjugular liver biopsy and 86 underwent percutaneous transhepatic biopsy to confirm the diagnosis of SOS. Diagnosis of liver cirrhosis depended upon assessing the history of liver disease, liver function, and liver imaging findings. The decompensated stage was defined by the presence of ascites, variceal bleeding, jaundice, or encephalopathy.
The exclusion criteria were as follows: patients with obscure botanical hepatotoxicity of pyrrolizidine alkaloids, lack of confirmation of SOS, severe right-sided heart failure, severe liver failure (bilirubin >4 mg/dL), polycystic liver disease, dilated biliary ducts, age >75 years, bilirubin level >5 mg/dL, creatinine level >3 mg/dL, Child-Pugh score >11, and diagnosis of hepatic carcinoma, sepsis, or spontaneous bacterial peritonitis.
IVC Stenting Procedure.
Standard local anesthesia was used. Initially, patients were assessed for stenosis or occlusion of the hepatic segment of the IVC, which was confirmed by IVC angiography before the DIPS procedure. The criteria for IVC stent placement were severe stenosis and occlusion of the hepatic segment of the IVC. Balloon dilatation was done first, followed by stent placement (type Z, 25/75 mm, JRZ25-75; AT&M Biomaterials, Beijing, China), avoiding blood flow obstruction due to severe stenosis or occlusion of the IVC. DIPS was performed after 1 week.
DIPS Procedure.
Standard local anesthesia was used. All patients were evaluated and followed up by the same medical team using a prospective protocol diagnostic work-up and surveillance strategy. Before DIPS, medical history was taken, and, after DIPS, the patients were followed up according to the same protocol.
DIPS was performed through a transjugular approach, as described previously [11] . After superior mesenteric artery angiography was performed, the outflow of the right hepatic vein was reached using a TIPS set (RUPS-100; Cook, Bloomington, IL, USA). The IVC wall was punctured with the RUPS-100 needle at the level of the hepatic segment from the junction of the hepatic vein and IVC to the left or right branch of the portal vein, under the guidance of digital subtraction angiography, in both the posterior anterior and lateral positions. When the branch of the portal vein was punctured and confirmed by portography, a 7-8-mm balloon (Cook) dilated the hepatic tract and a 7-8-mm expanded polytetrafluoroethylene stent graft (BARD; Fluency, Voisins le Bretonneux, France) were used for DIPS creation. Portosystemic gradient (PSG) and IVC pressure were measured before and after DIPS.
The entire length of the intrahepatic tract should be covered by the stent graft. The initial stent position in the distal inflow was to the main portal vein or the left branch of the portal vein, and the proximal outflow end was to the junction of the hepatic vein and IVC. If the IVC stenosis or occlusion had been recanalized by bare stent placement, the RUPS-100 needle was used to puncture the IVC stent at a hepatic segment level.
The shunts were dilated to their full nominal diameter to reach a target PSG of <12 mm Hg. Notable variceal collateral vessels observed during DIPS were embolized with coils (Cook), as long as the catheter could be inserted into the vessel. Covered stents (Viatorr; W.L. Gore & Associates, Flagstaff, AZ, USA) were not used because they are not approved by the China State Food and Drug Administration. Subsequent direct portography was performed to evaluate whether the portal venous system was completely patent. After DIPS, intravenous heparin (4000 U/day; Chase Sun Pharma, Tianjin, China) was given for 3 days and then oral warfarin (2.5 mg/day; Orion Pharma, Orionintie, Finland) was prescribed at doses to achieve an international normalized ratio of up 2.0.
Follow-Up.
Baseline duplex US was performed on the day after DIPS. After the shunt procedure, patients were placed in an identical routine 5-year follow-up protocol. They were seen as outpatients 1 month after the procedure and then every 3 months or whenever needed. Each consultation included a clinical examination, blood chemistry, and an assessment of HE. Shunt occlusion needed for shunt revision during shunt venography or significant recurrent symptoms acted as the endpoint for loss of primary unassisted patency. Direct portography was performed in patients with recurrent symptoms of suspected shunt dysfunction. DIPS revision was performed when hemodynamically significant shunt stenosis (>50%) was present, when there was recurrent variceal bleeding, recurrent or gradually worsening ascites, or PSG was ≥15 mmHg, unless grade III/IV hepatic encephalopathy(HE) (West Haven Criteria) was present. Patients lost to follow-up were censored at the time of the last known imaging of the shunt (duplex US or shunt venography).
Statistical Analysis.
Continuous variables were summarized as mean ± SD and compared using the independent sample -test or one-way analysis of variance; categorical variables were expressed as frequencies and compared using 2 tests. Differences were considered significant at P<0.05. The statistical analyses were performed with SPSS version 20.0 (Chicago, IL, USA).
Results
In both groups, mean PSG and levels of AST, ALT, and TB were decreased. In group A, ascites disappeared in the first week without paracentesis; the DIPS stent graft and the IVC stent both maintained patency and avoided ascites recurrence. In group B, six cases of ascites disappeared in the first week; another 15 cases did not disappear until (Figure 2 ). Two cases had stenosis at both ends of the stent in the hepatic tract, 19 had proximal end stenosis, 11 had distal end stenosis, and six had DIPS stent occlusion. One patient had IVC stent dysfunction. Patients with DIPS stent dysfunction were treated with balloon dilation (n=21) and stent replacement in the hepatic tract (n=19). The patient with IVC stent dysfunction underwent balloon dilation, and, after stent revision, their symptoms disappeared.
HE. HE occurred in 18 patients in group
A and four in group B during follow-up. The incidence of HE did not differ significantly between group A and group B (20.59% versus 19.48%) (P=0.848) ( Table 4) . After drug treatment, the symptoms disappeared in patients with grade I or II HE. In patients with grade III HE, after two stents of shunt reduction were implanted, the symptoms disappeared.
Overall Survival.
One patient (1.41%) was lost to followup. One patient died within 1 year. Since the endpoint of this study, nine patients (12.68) have died. The longest follow-up was 13 years. The 1-year survival rate was 98%, 3-year survival rate was 89.59%, and 5-year survival rate was 80% (Figure 3) . 
Discussion
Our results provide evidence that DIPS combined with IVC stenting can be performed safely and achieve good clinical results and survival rates in patients with SOS-related to botanical hepatotoxicity. This is not consistent with the results of some previous studies [13] , although previous studies about TIPS in SOS associated with herbal hepatotoxicity have been rare. Nevertheless, this does not mean that TIPS has no clinical benefit for SOS. These studies have focused more on patients treated with HSCT, bone marrow transplantation, radiation-induced liver disease, chemotherapy, or after solid organ transplantation.
It has been shown that TIPS might be considered as part of a protocol in patients with SOS and multiorgan failure who have no hope of survival [14] . The effect of SOS and multiorgan failure on survival, however, is limited since most patients die from extrahepatic causes [15] . In view of this, recent reviews of clinical practice guidelines [16, 17] have not recommended TIPS for SOS. This is because TIPS has not been shown to change the prognosis in patients with SOS. Nevertheless, SOS can be seen in other settings, in which TIPS may offer potentially useful treatment. The etiology of SOS caused by herbal hepatotoxicity, for example, Gynura segetum [18] , is not the same as that caused by HSCT, bone marrow transplantation, radiation-induced liver disease, chemotherapy, or after solid organ transplantation. If the evolution of the disease is not the same, then neither is the clinical course. SOS induced by herbal hepatotoxicity can be divided into acute, subacute, and chronic stages. Mild cases of SOS associated with herbal hepatotoxicity can be cured by medical treatment [19] , and, for serious cases of SOS in patients who often manifest subacute or chronic diseases, interventional treatment can be chosen.
In the past, we have lacked awareness of SOS, since it is easy to confuse with Budd-Chiari syndrome (BCS), which has resulted in misdiagnosis. Since the clinical symptoms of SOS are easily confused with those of BCS [20] , we used the DIPS procedure to treat SOS, which has also been used to treat BCS [21] . Clinical presentation of hepatotoxicity caused by herbal products is nonspecific and is similar to the presentation of BCS symptoms [22] . The interventional procedure is often similar between BCS and SOS, and both are treated through the strut of the preexisting IVC stent. After IVC stenting, the symptoms were relieved. If there was IVC stenosis or occlusion, the IVC was recanalized, and, after 1 week, the DIPS procedure was performed. Such a process assumed that the IVC stent was stable and did not migrate, guaranteeing the safety of the DIPS procedure. During DIPS and follow-up, there was no case of IVC stent migration, despite five cases of IVC stent deformation.
In the traditional TIPS procedure, the puncture needle starts from the right hepatic vein and proceeds to the right branch of the portal vein, and then the stent is placed [23] . A major advantage of DIPS is that it does not involve the hepatic vein, so the technique is especially useful in hepatic vein obstruction. The improvement of the creation of a sideto-side shunt between the IVC and left branch of the portal vein was intended to reduce the incidence of HE and increase TIPS stent-free patency [24, 25] . Also, the DIPS shunt is short, smooth, and straight, which reduces stenosis and occlusion of the shunt due to shear stress. If DIPS is placed first, followed by IVC stenting, the latter may affect the stability of both stents, thereby affecting IVC blood flow.
We showed that mean AST, ALT, and TB concentrations dropped at 14 days after shunt treatment, and ascites and variceal bleeding disappeared. This showed that IVC stenting combined with DIPS could have a good clinical effect for patients with SOS associated with botanical hepatotoxicity, which confirms the results of some previous studies of TIPS [26, 27] . In the present study, the levels of AST and ALT were higher than for other causes of liver cirrhosis, but TB was not 7 higher. The cause of this phenomenon warrants further study. In our study, HE was still a problem despite its low incidence compared with other diseases that TIPS cannot completely cure [28] .
With regard to survival, our results were inconsistent with those of previous studies [1, 10, 12, 14] . Because all the cases in our study demonstrated subacute or chronic symptoms, there were no early-stage patients included. Compared with a recent systematic review of Tusanqi-related SOS [29] , we found that cumulative survival rate was higher. This may be because all the patients in the previous study received medical treatment, and there was no staging of the disease, or some cases were not treated with TIPS or DIPS. The interval between the onset of SOS and DIPS placement has not been mentioned, and only one small report [30] has specifically commented on this. Some have recommended [14, 31] that SOS should be treated with TIPS as early as possible. The interval could influence the survival rate [32] , and if multiorgan failure is already present, then patients are probably being treated too late [33] . In our study, because there was no patient with acute lesions, the relevant information and DIPS treatment were not available, which should be the goal of our next study.
Pyrrolizidine alkaloids are present in distinct plant families that grow worldwide [34] , and although they are sporadic in western countries, pyrrolizidine alkaloid poisoning attracts sufficient attention [35, 36] . Whether SOS is caused by herbal medicines containing pyrrolizidine alkaloids or other factors [4, 5] , its pathological process is similar and leads to elevated portal pressure [37] . DIPS improved the symptoms of SOS in our study and resulted in better prognosis; however, these results were inconsistent with some previous studies [13] . We believe that in the Far East or western countries, regardless of the cause of SOS, the results of our study will be useful for elimination of extrahepatic complications.
This study had several limitations. First, randomized controlled trials are needed to verify our results. Second, early SOS-related decompensated cirrhosis due to botanical hepatotoxicity was not studied in patients treated with combined IVC stenting and DIPS. Finally, clinical characteristics and outcomes were not compared between patients with herbal hepatotoxicity-related SOS and those with SOS with other etiology.
In conclusion, in patients with SOS-related decompensated cirrhosis of botanical hepatotoxicity, the use of IVC stenting combined with DIPS placement was associated with significant reduction of symptoms.
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